Background: Smoking cessation during pregnancy and preventing relapse postpartum is a pivotal public health priority. Objectives: This study examined the risk and protective indicators of women who (a) smoke before pregnancy, (b) smoke during the entire pregnancy, (c) successfully quit smoking during pregnancy, and (d) relapse postpartum. Method: This paper reports secondary analyses of the Dutch population-based Monitor on Substance Use and Pregnancy (2016). A representative sample of mothers of young children (n = 1,858) completed questionnaires at youth health care centers. Bivariate and multivariate logistic regression analyses were conducted. Results: Main results showed that women's smoking around pregnancy was strongly associated with the partner's smoking status before pregnancy, partner's change in smoking during pregnancy, and partner's change in smoking postpartum. Women's educational level and cannabis use before pregnancy were also related with women's smoking before and during pregnancy. Women's intensity of alcohol use before pregnancy was ambiguously related with women's smoking before and during pregnancy. Conclusions: One of the key findings of this study suggests that it is essential that partners quit smoking before pregnancy and do not smoke during pregnancy. If partners continue smoking during pregnancy, they should quit smoking postpartum. Health care professionals can play an important role in addressing partners' smoking and giving them evidence-based cessation support before, during, and after pregnancy.
Introduction
Smoking during pregnancy and relapse postpartum is a major public health concern [1, 2] . Smoking during pregnancy has detrimental health effects on women's pregnancies (e.g., pre-term birth and low birth weight) [3] as well as on infants' and children's physical health and cognitive and social development (e.g., neurodevel- opmental and behavioral problems) [3] [4] [5] [6] . In addition, children's exposure to secondhand smoke has been associated with, among other risks, increased frequency of asthma [3, 7] and an increased risk that children will start smoking in the future [8] .
Pregnancy could serve as a teachable moment for women to quit smoking [9] . This argument is supported by recent research showing that women are more likely to quit smoking during pregnancy than before pregnancy [10] . Nonetheless, many women continue to smoke during pregnancy. A large study using representative national samples from 54 low-and middle-income countries provided evidence that the pooled prevalence of any tobacco use in pregnancy was 2.6%, with the highest prevalence in Turkey (15.0%) [11] . Moreover, postpartum relapse rates of women who quit smoking during pregnancy are also high. A meta-analysis showed that 43% of women who stopped smoking during pregnancy began smoking again at 6 months postpartum [12] . In addition, subgroup analyses of this meta-analysis revealed that the rate of women who relapsed at 6 months postpartum increased to 74% when only studies with biochemically validated abstinence data were included [12] .
Multiple smoking cessation and relapse prevention interventions for pregnant women have been developed and tested [13] [14] [15] , but evidence for their effectiveness is mixed. A Cochrane review illustrated that psychosocial interventions could decrease the number of women who smoke in late pregnancy by 35% [16] . In addition, financial incentives and interventions that included feedback (e.g., information about fetal health status) have proven effective in reducing the prevalence of smoking women in late pregnancy [16] . In contrast, postpartum relapse prevention interventions have shown limited effects [2, 17] . It seems that many women and their offspring do not receive the maximum health benefits of smoking cessation [12] . Therefore, there is still considerable room for improvement with regard to cessation and relapse-prevention interventions in pregnancy. Effectiveness might be improved by tailoring interventions toward specific characteristics, risk and protective indicators, and needs of the target group. Multiple systematic reviews and meta-analyses have shown that tailored (vs. non-tailored) health promotion interventions are more effective [18] [19] [20] .
In order to provide women who smoke with tailored and (cost-)effective help to quit smoking before and during pregnancy and to avoid postpartum relapse, a profound understanding of this specific population is essential. So far, many studies have examined different characteristics of women who either (1) smoked before or during pregnancy, (2) quit smoking during pregnancy, or (3) relapsed postpartum. A large study focusing on smoking before pregnancy found that women who did not take folic acid, who had a low educational level, who had an unplanned pregnancy, and who lived alone were more likely to smoke before pregnancy [21] . Other studies found that women who were younger [22] [23] [24] , were unmarried, or lived alone [21, 23, 25 ], had a low educational level [21] [22] [23] [24] [25] [26] , lived in an extended family [23] , did not take folic acid [21] , and had partners who smoked [25] were more likely to smoke during pregnancy. In addition, women were more likely to quit smoking during pregnancy when they were married [27] , had a higher socioeconomic status [22] , had a higher educational level [27] [28] [29] , lived with a non-smoking cohabitant [27, 29] , and smoked fewer cigarettes before pregnancy or quitting [27] . Finally, women were more likely to relapse postpartum when they quit smoking during instead of before pregnancy [30, 31] , did not breastfeed [30, 32] , had a smoking environment at home [30, 32] , had more family and friends who smoked, had a partner that continued smoking during pregnancy, smoked more cigarettes per day before pregnancy, and were younger and unmarried [31] . To conclude, the majority of studies solely examined the associations between risk indicators and women's smoking behavior with respect to one or 2 moments around women's pregnancy (e.g., before or during pregnancy). Only 2 studies examined risk and protective indicators at all points around pregnancy (i.e., before, during, and after) in the same study. However, the data in these 2 studies were collected more than 20 years ago and lacked findings on smoking during pregnancy [33] or combined smoking before and during pregnancy [34] . Moreover, most studies mainly focused on sociodemographic indicators and less on partner's smoking status or other maternal substance use (e.g., alcohol and cannabis) around pregnancy. The combination of looking at all three points around pregnancy and including various indicators provides a more complete picture of whether (change in) behavior of women and their context before pregnancy is associated with smoking of women later on during or after pregnancy.
The current study uses cross-sectional data of a representative population-based study from the Netherlands (i.e., the Monitor on Substance Use and Pregnancy) to exploratively examine demographic, substance-use-related, and pregnancy-related risk and protective indicators of women who (a) smoke before pregnancy, (b) smoke during the entire pregnancy, (c) successfully quit smoking during pregnancy, and (d) relapse postpartum.
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The use of a large representative sample, a broad spectrum of indicators (i.e., sociodemographic, partner's smoking behavior around pregnancy, and other maternal substance use), and the measurement of 3 time points around pregnancy helps to gain insight into the characteristics of women who smoke around pregnancy and provides information on whether the characteristics differ over the 3 time points around pregnancy. These insights may contribute to the development of tailored cessation and relapse-prevention interventions.
Materials and Methods

Sample
The Dutch Monitor on Substance Use and Pregnancy [35] is a representative population-based cross-sectional study in which mothers have to answer questions retrospectively about their substance use (i.e., smoking, drinking, and drug use) before, during, and after pregnancy. For the present study, we used only the data collected in 2016 (the Monitor will be repeated in 2018). In the Netherlands, all children up to 18 years old receive preventive health care at youth health care (YHC) centers [36] . Therefore, to collect a sample that properly represented mothers with young children (i.e., youngest child younger than 5 years) and to maximize the chance that mothers with a low socioeconomic status would participate in this study, mothers were recruited at YHC centers. A total of 34 cities across the Netherlands were randomly selected to be approached for participation in the Monitor. In total, 27 (79.4%) of these cities agreed to participate, and their YHC centers were included. For the 7 cities that did not want to participate, other cities of similar urbanicity in the same region were approached, and all YHC centers in these cities registered for participation. In total, 46 YHC centers, distributed throughout 35 cities in the Netherlands, participated.
The cluster sampling strategy resulted in a representative sample of Dutch mothers with young children with some small deviations. For instance, the percentage of Western mothers in this sample was higher than that of the entire Dutch population (86.8 vs. 80.5%). After being weighted for age, educational level, and ethnicity, the sample properly represented Dutch mothers with young children. In total, 1,858 mothers (M 31.69, SD 4.69) were included. The average age of the youngest child was 11.14 months (SD 12.22).
Data Collection
Data were collected in November and December 2016. Mothers who visited a YHC center with their child were asked whether they would like to participate in a study on health behaviors of mothers of young children. To participate, participants needed to be a mother of children aged 0-4 years. There were no exclusion criteria. Mothers received oral instructions by trained research assistants and gave permission to participate in our study (active informed consent). Participation included that mothers filled out a short questionnaire (∼5 min) at the YHC center while waiting for their appointment. The response rate was 94.2%. Some mothers declined to participate because they could not speak Dutch fluently. Mothers who did not agree to participate due to a lack of time were offered the opportunity to fill out a paper or online version of the questionnaire later at home. Participants filled out the questionnaire on a tablet (84.4%), paper (13.6%), or online (2.0%). Because of the sensitivity of this study's topic and to minimize socially desirable answers, research assistants approached the mothers and emphasized that the data would be collected and processed anonymously.
Measures
In the questionnaire, maternal smoking status was assessed with respect to three different time points around the pregnancy: before, during, and after pregnancy. With respect to the maternal status before pregnancy, mothers were asked whether they had smoked in the four weeks before their pregnancy. Smoking during pregnancy was measured for each trimester separately (1-3 months; 4-6 months; 7-9 months), by asking mothers whether they had smoked at all during each trimester. Smoking status after pregnancy was assessed by asking whether they had smoked in the past four weeks. Four groups were constructed (Fig. 1) . From the total sample, the first group consisted out of women who smoked in the four weeks before pregnancy (reference group: women who did not smoke before pregnancy). From this first group, a second group was selected including women who successfully quit smoking at some point during pregnancy through the end of the pregnancy (i.e., did not smoke in the third trimester; reference group: women who did not successfully quit smoking during pregnancy). From the second group we selected a third group, consisting out of women who had successfully quit smoking during pregnancy, but relapsed postpartum (reference group: women who successfully quit smoking during pregnancy and remained smoke-free postpartum). Finally, a fourth group was constructed, including women who smoked during the entire pregnancy (i.e., all three trimesters; reference group: women who did not smoke or who only smoked before pregnancy or who smoked less than three trimesters during pregnancy). Women could belong to more than one group. For instance, women who successfully quit smoking at some point during the pregnancy could also belong to the group of women who relapsed after pregnancy (Fig. 1) ."
Several maternal sociodemographic indicators were assessed, including age (four categories), educational level (low: primary education or pre-secondary vocational education/medium: secondary (vocational) education/high: higher vocational education or university), ethnicity (Dutch/other-Western/non-Western), and living situation (partner and children/other). The following risk and protective indicators were measured: 1) breastfeeding (yes/ no); 2) intake of folic acid before and during pregnancy (yes/no); 3) intensity of alcohol use before pregnancy (i.e., number of glasses alcohol consumed on days that women drank alcohol before pregnancy: non-drinkers, 1 glass, ≥2 glasses); 4) alcohol use during pregnancy (yes/no); 5) cannabis use before pregnancy (yes/no); 6) partner's smoking status before pregnancy (yes/no); 7) change in partner's smoking behavior during pregnancy (compared to before pregnancy: partner did not smoke before and during pregnancy/ partner's smoking decreased or partner quit smoking during pregnancy/partner smoked as much or more during pregnancy); 8) change in partner's smoking behavior postpartum (compared to before and during pregnancy: partner did not smoke before, during, and after pregnancy/partner smoked before or during pregnancy but not after pregnancy/partner smoked after pregnancy); 9) talked about smoking cessation with a health care professional during pregnancy (yes/no); and 10) use of smoking cessation support during pregnancy (yes/no). Breastfeeding included any breastfeeding without a required minimum duration. Use of smoking cessation support during pregnancy (e.g., nicotine replacement therapy, behavioral coaching, and e-health interventions) was categorized "yes" if mothers checked at least one of the cessation support answer options on the question whether they had used any of the following smoking cessation support options. If mothers indicated that they had not used any support, it was categorized "no". Because this study aimed to be nationally representative and the data were collected when mothers were waiting for their appointment at the YHC centers, the questionnaire was very short and no data were collected on e.g. nicotine dependence, mental health disorders or other indicators related to smoking behavior.
Statistical Analyses
In order to control for the clustered sampling procedure and to ensure that the data were representative of Dutch women with young children, all analyses were carried out using the Complex Samples Module of the software program Statistical Package for the Social Sciences, version 20. Because most questionnaires were collected digitally, missing data was not an issue. First, frequencies were calculated to provide characteristics of the 4 groups. Note that these groups could not be compared, as women could belong to 2 or more groups. Next, to determine the most important indicators related to the 4 groups, a 2-stage approach was carried out. First, bivariate logistic regression models were used for each outcome variable. If the p value of the bivariate model (BM) was lower than 0.05, it was considered statistically significant. Second, multivariate logistic regression models were built for the 4 groups. The significant indicators from the BM were entered simultaneously in the multivariate models (MM). Adjusted ORs, 95% CIs, and values are reported. Table 1 presents the weighted descriptive statistics for the risk and protective indicators for the total sample and for each group. Of the 1,858 women who participated in this study, 358 women (20.2%) reported that they had smoked at some time around pregnancy. More specifically, 17.4% smoked before pregnancy, 4.9% smoked during the entire pregnancy, 12.0% successfully quit smoking during pregnancy, and 5.5% successfully quit smoking during pregnancy but relapsed postpartum. Of the women who successfully quit smoking during pregnancy, 46.1% relapsed postpartum. In total, 82.3% of these women relapsed within 6 months postpartum. Table 2 presents the BM and MM of risk and protective indicators that were associated with women who smoked before pregnancy. According to the BM, women who smoked before pregnancy were younger, less educated, and lived without a partner more often compared to women who did not smoke before pregnancy. In addition, women who smoked before pregnancy less often took folic acid before pregnancy, more often used substances before pregnancy (i.e., higher intensity of alcohol use, any cannabis use), and more often had a partner who smoked before pregnancy. Most associations remained significant in the MM except younger age and the use of folic acid before pregnancy.
Results
Indicators Associated with Women who Smoked before Pregnancy
Indicators Associated with Women who Smoked during the Entire Pregnancy
The BM shows that women who smoked during the entire pregnancy were younger, less educated and lived without a partner more often than women who did not smoke during the entire pregnancy (Table 2 ). In addition, they were more likely to have a lower intensity of alcohol use before pregnancy and use any cannabis before pregnancy than women who did not smoke during the entire pregnancy. Lastly, women who did (vs. did not) smoke during the entire pregnancy were more likely to have a partner who smoked during the pregnancy. In the MM, low educational level, living without a partner, and smoking of the partner during pregnancy remained significantly associated with smoking of the mother during the entire pregnancy. Finally, the intensity of alcohol use before pregnancy appears to be a protective indicator; that is, women who smoked during the entire pregnancy were more likely to have a lower intensity of alcohol use before pregnancy than women who did not smoke during the entire pregnancy. Table 3 presents the BM and MM of risk and protective indicators associated with women who successfully quit smoking during pregnancy. The BM showed that women who did (vs. did not) successfully quit smoking during pregnancy were more likely to have a higher educational level, a higher intensity of alcohol use before pregnancy, and a partner who did not smoke before and during pregnancy or who cut down on smoking during pregnancy. In addition, women who did (vs. did not) successfully quit smoking during pregnancy were less likely to have talked about smoking cessation with a health care professional or used smoking cessation support during pregnancy. In the MM, a high educational level and a higher intensity of alcohol use before pregnancy remained significantly associated with successfully quitting during pregnancy, as well as a lower rate of talking with a health care professional and no use of smoking cessation support.
Indicators Associated with Women who Successfully Quit Smoking during Pregnancy
Indicators Associated with Women who Relapsed Postpartum
According to the BM, maternal age was significantly related to relapsing postpartum. In addition, women who relapsed postpartum more often had a partner who continued smoking postpartum or who did not smoke at all (versus a partner who quit smoking postpartum) compared to women who did not relapse postpartum (Table 3 ). In the MM, only the partner's smoking behavior postpartum remained significant. It appears that women who relapsed postpartum more often had a partner who continued smoking postpartum or a partner who did not smoke at all compared to women who did not relapse postpartum.
Discussion/Conclusion
This study offers a different and unique perspective by drawing together risk and protective indicators for before, during, and after pregnancy as a combined analysis in one single sample. Moreover, a broad set of indicators was ex- The outcome variables were categorized as "smoking four weeks before pregnancy" (yes = 1; no = 0) and "smoking during the entire pregnancy (i.e., during all three trimesters)" (yes = 1; no = 0 amined, including sociodemographic indicators, women's substance use, smoking behavior of the partner around pregnancy, and use of smoking cessation support. A major finding of this study is that the relationship between the partner's smoking status and the smoking status of women around pregnancy cannot be underestimated. Women who smoked before pregnancy were nearly 7 times more likely to have a partner who smoked before pregnancy compared to women who did not smoke before pregnancy. Similarly, two thirds of the women who smoked during the entire pregnancy also had a partner who smoked during pregnancy. Women who did (vs. did not) smoke during the entire pregnancy were 7.5 times more likely to have a partner who smoked as much as before pregnancy or increased smoking during pregnancy. In addition, women who did (vs. did not) smoke during the entire pregnancy were nearly 4.5 times more likely to have a partner who decreased their smoking or quit smoking during pregnancy. Finally, women who did (vs. did not) relapse postpartum were nearly twice as likely to have a partner who continued smoking postpartum. These findings are consistent with prior studies [24, 25, 27, 32, 37] and provide more insight into the relationship between the timing of the partner's smoking behavior and maternal smoking status around pregnancy (e.g., women who smoked during the entire pregnancy were nearly 4.5 times more likely to have a partner who decreased their smoking or quit smoking during pregnancy compared to women who did not smoke during the entire pregnancy).
Another important finding of this study is the one that highlights the profound association between women's educational level and their smoking status before and during pregnancy. This study found that women who did (vs. did not) smoke before pregnancy were about 3 times more likely to have a low or medium educational level. In addition, women who did (vs. did not) smoke during the entire pregnancy were nearly 11.5 times more likely to have a low educational level and more than 5 times more likely to have a medium educational level. Conversely, women who did (vs. did not) successfully quit smoking during pregnancy were more than 4 times more likely to be highly educated. These findings are in line with previous studies [21, 23, [25] [26] [27] 34] and emphasize that more attention is needed to help women with a lower educational level to quit smoking before and during pregnancy.
With respect to the impact of maternal substance use on smoking around pregnancy, our findings showed that women who did (vs. did not) smoke before pregnancy were nearly 10 times more likely to have also used cannabis before pregnancy. This study adds to the evidence that cannabis and tobacco are concurrently used among The outcome variables were categorized as "Smoking before pregnancy, successfully quitting at some time during pregnancy through the end of the pregnancy (i.e., did not smoke in the third trimester)" (yes = 1; no = 0) and "Smoking before pregnancy, successfully quitting smoking during pregnancy (i.e., did not smoke during at least the third trimester), but relapsing postpartum" (yes = 1; no = 0). BM, bivariate model; MM, multivariate model; BP, before pregnancy; DP, during pregnancy; PP, postpartum. women around pregnancy [38, 39] . The role of intensity of alcohol use before pregnancy on smoking around pregnancy was ambiguous. On the one hand, women who did (vs. did not) smoke before pregnancy were more likely to have a higher intensity of alcohol use before pregnancy. On the other hand, women who did (vs. did not) successfully quit smoking during pregnancy were more likely to have a higher intensity of alcohol use before pregnancy. Although women's educational level might play a role here (more educated individuals tend to drink more alcohol than less educated individuals) [40] , the MM demonstrated that the relationship between intensity of alcohol use and women's smoking status is maintained even when taking women's educational level into account. Therefore, it is difficult to comprehend these mixed results, and more research is needed on the relationship between women's intensity of alcohol use before pregnancy and women's smoking behavior around pregnancy. Two other contrasting findings of this study showed that women who did (vs. did not) successfully quit smoking during pregnancy had talked about smoking cessation with a health care professional during pregnancy less often and also used smoking cessation support during pregnancy less often. However, a Cochrane review revealed that smokers who quit smoking more often talked about smoking cessation with health care professionals [41] . In addition, research has shown that smokers are much more likely to quit smoking when they receive smoking cessation support (e.g., telephone counseling) [42] . Our findings could be caused by a selection effect. That is, it may be the case that health care professionals mostly talked about smoking cessation with women who were more addicted to smoking and therefore found it more difficult to quit smoking. Likewise, smoking cessation support may have been mostly used by women who were more addicted to smoking.
Strengths and Limitations
A major strength of this study concerns the recruitment strategy. In the Netherlands, nearly all parents visit YHC centers regularly so that their children's physical and social development can be monitored [36] . Because women were recruited at YHC centers that were randomly selected at the city level, this study was able to recruit a sample that was largely representative of Dutch women with young children. Another strength is that we included some indicators (e.g., change in partner's smoking during and after pregnancy) in the analyses that, as far as we know, have not been examined before. Because of this, we were able to examine whether any change in partners' smoking around pregnancy affected women's smoking status around pregnancy. This investigation resulted in some new insights concerning the association between partners' smoking behavior and women's smoking status around pregnancy (e.g., women were less likely to smoke during the entire pregnancy when their partner decreased their smoking or quit smoking during pregnancy compared to women whose partner smoked as much as or increased their smoking during pregnancy). These insights could be important for the development and/or improvement of smoking cessation and relapse prevention interventions that are tailored to this specific group. A limitation of this study is that the data were collected at one moment (i.e., cross-sectional), so no causal relations can be concluded. In addition, two of the examined indicators (i.e., alcohol use during pregnancy and change in partner's smoking postpartum) had cell values < 5 in some of the investigated groups (e.g., women who relapsed postpartum). Therefore, caution is needed in interpreting these results. A third limitation is that the data were selfreported and not biochemically validated. Biochemical validation was impossible due to the study design. In selfreport, an important source of underreporting is related to the social-desirability bias [43] , which should be minimized as far as possible. The fact that 94.2% of the women who were approached agreed to participate in this study illustrates that they were willing to provide answers on this sensitive topic. Moreover, the questionnaires were completely anonymous (i.e., names and contact information were not collected) and the women filled in the questionnaires by themselves to further decrease such bias. A fourth limitation is that the data were retrospectively obtained, which could make them subject to recall bias. However, several studies have provided evidence that recall on smoking behavior during pregnancy is quite accurate [44, 45] . Ergin et al. [44] assumed that this accuracy is a result of the social stigma associated with smoking during pregnancy and the fact that pregnancy is experienced as an important life event.
Implications for Practice
This study emphasizes the importance of having a smoke-free partner at all points around pregnancy. More specifically, our results suggest that it is essential that partners who smoke quit smoking before pregnancy and do not smoke during pregnancy. Still, when partners are not able or willing to quit smoking before or during pregnancy, it is pivotal for partners to be encouraged to quit smoking postpartum, since women who relapsed postpartum more often had a partner who continued smoking post-DOI: 10.1159/000498988 partum compared to women who did not relapse postpartum. Based on these findings, it might not be sufficient for health care professionals to address partners' smoking and provide them with effective cessation support exclusively during pregnancy. Instead, it is necessary for health care professionals to also address partners' smoking behavior and provide them with evidence-based cessation support before and after pregnancy. A systematic review found 9 studies that tested smoking cessation interventions for partners of pregnant women [46] . Only two of these studies (in which partners received, e.g., nicotine replacement therapy) yielded positive results on partner's smoking cessation [47, 48] . However, there was no evidence that these results were maintained postpartum (i.e., one study did not examine this [47] , and the other study did not report these results [48] ). The postpartum period could serve as a key time-point to provide partners smoking with cessation interventions, since at this time-point partners have a heightened awareness that being a smoker is in conflict with being a "good parent" [49] . Thus, further research should not exclusively focus on developing and examining smoking cessation interventions for partners during pregnancy. Instead, the main focus of further intervention research should be to examine how partners can abstain from smoking before and after pregnancy.
Finally, this study underlines that women who smoked before pregnancy more often used cannabis and/or had a high intensity of alcohol use before pregnancy than women who did not smoke before pregnancy. Research showed that concurrently continuing to both smoke and use other substances (such as alcohol and cannabis) during pregnancy can have serious adverse health effects for women's pregnancies and their fetuses [50] . In many cases, women do not know that they are pregnant during the first few weeks of their pregnancy. Therefore, in order to limit women's concurrent substance use during these early weeks of pregnancy, it is important that women of childbearing age who use substances concurrently receive information on the importance of quitting smoking and other substances before pregnancy.
